Purpose-To report the longitudinal change in axial length from the time of unilateral cataract surgery at age 1-7 months to age 5 years, and to compare axial length growth of operated eyes to that of fellow unoperated eyes.
Introduction
The effect of removing the crystalline lens on axial elongation during early childhood is poorly understood. Accurately predicting axial elongation is particularly important when an intraocular lens (IOL) is implanted into a child's eye. If greater axial elongation than anticipated occurs, it may be necessary to exchange the IOL when the child is older. Alternatively, if less axial elongation than anticipated occurs, the child may need to wear spectacles or contact lenses for hyperopic correction on a long-term basis. 1 Choosing an IOL power for implantation into a child's eye is complicated by continued and unpredictable ocular growth. Understanding globe axial length (AL) growth helps the surgeon to achieve the desired refractive error when the eye is fully grown. The prediction and management of refractive error changes over time is a major challenge for the long-term care of infants operated for cataract surgery. Various factors influence growth of an eye after cataract surgery, including but not limited to, age at cataract development and surgery, visual acuity, and glaucoma. These effects have important clinical implications in determining the optimal IOL power to implant in a child to achieve a preferred refractive correction later in life.
The Infant Aphakia Treatment Study (IATS) is a randomized clinical trial comparing the effect of primary IOL implantation versus aphakia corrected with a contact lens (CL) in infants 1 to 6 months of age following unilateral cataract surgery. AL for each eye at the time of surgery and AL of those eyes at 1 year of age in the IATS have been reported. 2 At baseline, eyes with cataracts were shorter than fellow eyes. During the first year of life, the change in AL per month was smaller in operated eyes treated with a CL than it was in operated eyes treated with an IOL, and the difference was not significantly related to age at surgery. 2 Herein, we report globe AL growth at age 5 years of age in the IATS.
Methods
The study followed the tenets of the Declaration of Helsinki, was approved by the institutional review boards of the participating institutions, and was in compliance with the Health Insurance Portability and Accountability Act. The main inclusion criteria were a visually significant congenital cataract (≥3 mm central opacity) in one eye, a normal fellow eye, and an age of 28 days to <210 days at the time of cataract surgery. Patients were randomized either to have an IOL placed at the time of the initial surgery or to be left aphakic and optically corrected with a CL. Details of the study design, surgical technique, follow-up schedules, patching and optical correction regimens, evaluation methods, biometry technique, definitions used for glaucoma and glaucoma-suspect, patient characteristics at baseline and the method to define reliable A-scan ultrasound tracings have been reported previously. 2, 3 Measurements from invalid, unreadable, and missing A-scan ultrasound tracings were not included in the analyses. A-scan tracings from patients with glaucoma or glaucoma suspect were also excluded from the primary analysis because of the excessive axial elongation that can occur in infantile eyes with glaucoma. This group was analyzed separately.
We analyzed AL at baseline and at age 5 years. We calculated the change in AL and analyzed that change relative to treated versus fellow eyes, treatment modality (contact lens versus IOL), the presence or absence of additional intraocular surgery to clear visual axis, and visual outcome. For visual outcome, eyes were divided into four categories based on visual acuity at age 4. The axial length of operated eyes was compared to that of fellow eyes using a paired t-test. Independent group t-test was used to compare data from the CL and IOL groups. One-way analysis of variance was used to compare AL at age 5 years in the treated eye according to the visual acuity outcome category. For all analyses, a P value < 0.05 was deemed statistically significant. All statistical analyses were done with SAS 9.2 (SAS Institute Inc., Cary, NC).
Results

Patients
Of the 114 patients enrolled (57 per treatment), one patient in the IOL group was lost to follow-up at age 18 months. The remaining 113 patients all had a clinical examination at age 5 years (mean, 5.0 years; range, 4.7 -5.4 years) with an average length of follow-up of 4.8 years (range, 4.4 -5.3 years) after surgery. Twenty glaucoma patients (contact lens group = 9, IOL=11) and 16 glaucoma-suspect patients (contact lens group = 11, IOL = 5) were excluded from primary analyses. From the remaining patients, valid AL data of both eyes were available for 64 patients at baseline and 69 patients at age 5 years. Of this, 56 patients have both preoperative and 5-year AL data available. Table 1 and e-supplement figure 1 illustrates AL in treated and fellow eyes at baseline and age 5 years. There was no significant difference between the AL growth of treated eyes and fellow eyes (0.2 mm, P = 0.31 table 1). Table 2 and e-supplement figure 2 illustrate AL growth of eyes receiving CL and IOL (2A = treated eye; 2 B = fellow eye). The means of AL growth of the CL treated and IOL implanted groups were not significantly different (0.2 mm, P= 0.53). Table 3 and esupplement figure 3 illustrate AL in the treated eyes for IOL patients that underwent additional intraocular surgery to clear the visual axis opacification. Axial length growth of eyes receiving surgery to clear the visual axis was significantly more than eyes not receiving surgery for visual axis opacification (P = 0.013). Axial length at age 5 was not significantly different when all eyes were stratified based on visual acuity (table 4 and e-supplement figure 4). Table 5 (e-supplement reports out of entire cohort. The glaucoma and glaucoma suspect eyes were excluded from the primary analysis but when analyzed as a separate group. Thirteen of 20 glaucoma patients and 11/16 glaucoma suspect patients have AL data in treated eye were available for at baseline and at 5 years of age, glaucoma eyes grew more than eyes with glaucoma-suspect or neither (e-supplement table 6).
Discussion
Prior to cataract surgery, the mean AL was shorter in eyes with cataract as compared to fellow eyes. Similar findings have been reported by other authors. 456 At age 5 years, the mean AL remained shorter in eyes operated for cataract as compared to fellow unoperated eyes. This result concurs with results published at 1 year of age. 2 Tadros and colleagues reported similar findings. 7 In contrast, Vasavada and colleagues reported that mean postoperative AL was longer in eyes with unilateral IOL implantation as compared to fellow unoperated eyes. 6 The discrepancy in the results may be explained by the fact that in contrast to the series from Vasavada and colleagues, our current study excluded eyes that developed postoperative glaucoma. Glaucoma during early childhood can result in excessive elongation. When we analyzed the excluded eyes separately, the glaucoma eyes did, in fact, grow a mean of 2.4mm more than the eyes without glaucoma or glaucoma suspect.
Axial length growth of operative eyes and of fellow unoperated eyes was not significantly different at 5 years of age. This trend was observed at 1 year of age also. 2 Tadros and colleagues also reported that differences in AL growth between operated and fellow eyes were not significant (4.1 mm vs 4.4 mm, P = 0.4). Inamoti and colleagues also reported that there was no significant difference in AL change per year between operated and unoperated eyes. 8 Flitcroft and colleagues reported no significant difference in AL growth in eyes implanted with an IOL compared to normal eyes. 9 The authors further reported that the mean of the observed eye growth was not significantly different as compared with the mean of the expected normal value for eye growth. Hussin and Markham 10 reported similar results for 18 eyes with unilateral congenital cataract after an average follow-up of 9.6 years. In contrast, Greiner and colleagues 11 reported less AL growth in eyes implanted with an IOL compared with fellow unoperated eyes after a mean of 5.6 years' follow-up in 11 infants with unilateral cataract. Their mean AL growth was 0.46 mm less in pseudophakic eyes of 7 patients. Leiba and colleagues 12 showed a tendency toward greater axial lengthening in pseudophakic eyes compared with fellow unoperated eyes after 1 year of follow-up in 9 eyes operated on for unilateral congenital cataract. Kora and colleagues 13 reported that in 14 unilateral congenital cataract patients, the pseudophakic eyes showed greater AL growth than the fellow unoperated eyes, but their patients were >2 years of age at the time of cataract surgery. Vasavada and colleagues 6 studied the rate of axial growth after congenital cataract surgery at <1 year of age in 15 eyes with unilateral cataract and found no significant difference in the axial growth between pseudophakic eyes and fellow eyes after an average of 58.1 months of follow-up.
It is important to note that eyes with cataract were not only shorter as compared to fellow eye without cataract, however, had more variation as reflected by higher standard deviation (Baseline standard deviation 1.2 versus 0.8 in eye with and without cataract; Age 5 standard deviation 1.6 versus 0.7). More variation in eyes operated for cataract was also observed in axial length growth (standard deviation 1.3 versus 0.8).
In the IATS cohort, the mean AL was similar for the cataractous eyes in the two treatment groups when measured just prior to cataract surgery. At 1 year of age, the mean AL of the pseudophakic eyes was 0.6mm longer than the mean AL of the aphakic eyes. 1 Now, at 5 years of age, the mean AL of the pseudophakic eyes is still longer than the mean AL of the aphakic eyes by 0.5 mm, however this was not statistically significant. Fellow eyes had nearly the same axial elongation in the two treatment groups at 1 year after surgery. Now, at 5 years of age, the fellow eyes had non-significant differences in growth in the two treatment groups.
Prior to cataract surgery, the mean AL was similar for eyes requiring second surgery later on to clear the visual axis. However, at 5 years of age, this trend changed. Eyes requiring surgery to clear the visual axis grew 1.1 mm more, on average, than eyes without the need for reoperation. Visual axis opacification during infancy can lead to excessive axial elongation if left untreated. Perhaps the duration between the onset of visual axis opacification and surgery to clear the visual axis was sufficient to cause axial elongation from form vision deprivation. In the IATS, patients were examined every 3 months. Therefore, it is unlikely that deprivation from visual axis opacification extended much beyond 3 months in duration. Typically reoperation was scheduled within a few weeks of the recognition of the opacity.
In conclusion, our study showed that eyes operated on for monocular cataract in the first 7 months of life either with or without primary IOL implantation had similar axial growth from surgery until age 5 years to that of fellow unoperated eyes despite having shorter AL at the time of surgery.
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